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Virgil, in his Georgics, marvelled at mankind's intelligence to discover 
agricultural crafts and thereby have stalks grow from the earth. Modern 
man still marvels. Science has generated new technologies, generating in 
turn 'seeds of plenty' as Pearse (1980) has aptly called them. But why 
is it, as Pearse suggests, that these seeds of plenty carry in them the 
characteristics to be seeds of want? 
Economists and other social scientists have analysed the effects of 
introducing new agricultural technology to various parts of the world. 
In a host of publications, both the efficiency and the equity issues 
associated with the new technologies have been discussed. 
In this chapter we propose a sociological approach towards the study of 
cultivators and crops. The ideas we work with have arisen during field-
work and during discussions with our colleagues from Wageningen Agri-
cultural University and elsewhere. They have not completely matured yet, 
but still we feel it worthwhile to present some of them and hope they 
will stimulate discussion. 
After an introduction in which some of the relevant literature is re-
viewed and the central concepts of our analysis presented, we give two 
case studies. On the basis of Box' work on cassava, the cultivation sys-
tem of the Amerindians is discussed. Followed by a review of changes in 
the rice cultivation patterns of North Columbian peasant-farmers as 
studied by Spijkers. In conclusion, we suggest some implications for the 
contribution of agricultural sociologists to the development of technol-
ogies relevant for food-producing peasant cultivators. 
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1 INTRODUCTION 
A new orientation in agricultural sociology is gradually emerging from 
a host of approaches and disciplines, it differs from rural sociology 
in that it takes "agricultural man" as its starting point and not the 
rural community which has been so dominant in traditional rural sociol-
ogy in the U.S., strongly associated with community and adoption studies 
(Rogers, 1960), in Europe with urbanization and industrialization and in 
the USSR with class and stratification (Cox, 1979:85). 
Mendras notes a change in rural sociology and relates it to the develop-
ment of adjacent disciplines (Mendras, 1976:218), particularly with the 
changes in ethnology, which have become more and more oriented to the 
study of peasants in the context of the modern market and state struc-
tures. The dividing line, so carefully drawn in the 19th century, ap-
pears to vanish in some respects. 
The influence of ethnology, or of economic anthropology in particular, 
is real and has provided a fertile orientation. 
Within sociology, differences are stressed between "rural" and "agricul-
tural" sociology. For Planck and Ziehe (1979: 11-12), agricultural soci-
ology is the subdiscipline which takes as its object the social pheno-
phema in the realm of agriculture, the social organization of agricul-
ture and of its relations to other sectors of economy and society. They 
conclude that agricultural sociology has been rather limited in its pro-
blem orientation and highly concerned about applicability. Like Redcliff 
(1975:22-33) and Benvenutti, Galjart and Newby (1975:3-21) they stress 
the need for greater theoretical depth, instead of reporting more and 
more facts with an ever decreasing degree of generality. Saint and Coward 
attempted to do this by reviewing first the dominant paradigm in the six-
ties with regard to agricultural development in sociology and other be-
havioural sciences. They criticize the diffusion model, as it has been 
used in an extremely reduced and narrow way, and compare it to an "emer-
ging orientation" which stresses that "technology and social organization 
are viewed as variables that exist in an interactive relationship" (Saint 
and Coward: 1977:734). They view agricultural technology in a long-term 
perspective and stress the need to view technology in terms of the asso-
ciated agricultural systems. Traditional technology needs to be studied 
in terms of social and economic constraints in the respective types of 
agriculture. Modern technologies also need to be studied as the outcome 
of research processes which in themselves should be the object of inqui-
ry. Except for the last two addenda this has of course been the tradi-
tional anthropological view, especially from those who started from a 
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materialistic-evolutionistic viewpoint. Vessuri (1980:315), who basical-
ly arrives at the same conclusions as Coward and Saint, points out that 
"neo-evolutionists" like Childe, Steward, White, Ribeiro, Sahlins and 
others "indicate a continuing interest in these topics, with new theo-
retical questions being asked about old problems". Like Vessuri and 
McC.Netting, Saint and Coward emphasize the need for regarding natural 
and social processes as being intertwined, and note the link between 
environment, crop, producer and the crop-producing community (idem 735). 
McC.Netting, whose literature review covers nearly three hundred studies, 
many of which are empirical case studies, concludes that the processes 
of agricultural change cannot refer solely to technological innovation, 
recognizing at the same time that the "systematic relationships are fas-
cinatingly clear" (McC.Netting, 1974:24). 
The theme is elaborated by Saint in The Social Organization of Crop 
Production: Cassava, Tobacco and Citrus in Bahia, Brazil (1977). Since 
this is one of the more recent studies which analyses agricultural com-
munitites in terms of dominant cropping patterns, we will review the 
argument briefly. Another recent "crop sociological" study, which traces 
the structure and social organization of a peasant community through the 
"entrance" of a crop is: Hanks, Rice and Man, 1972. His argument is an 
elaboration of Boserup's thesis on the demographic changes causing inten-
sification of the agricultural system, by studying the history of a small 
Thai community moving through stages of more intensified rice produc-
tion. 
Saint's general thesis is that "an understanding of organizational and 
institutional factors inherent in crop production systems is necessary 
in order to develop agro-technologies which will not increase inequality" 
(Saint 1977:310). Taking technology as a social product, and assuming 
that the farmers choice of crops is a "major technological decision", 
Saint suggests an analysis of peasant farming systems in terms of the 
social organization of crop production. He then proceeds to build a 
theoretical model, derived from Marx' notion on the mode of production, 
which he translates in terms of crop production systems (idem 19). A 
crop production system is defined in terms of the dominant crop, such 
as cassava, tobacco or citrus. 
On the basis of survey data and in-depth interviews, Saint shows that 
there are considerable differences between the three systems in one mu-
nicipality in north-eastern Brazil. 
Labour requirements were quite different, and so were the types of tech-
nology applied, the social relationp of production and exchange, position 
in social stratification and relevant government policies with regard to 
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the respective crops (idem 311-314). Saint associates these differences 
with life-quality differences among various types of producers and notes 
a high measure of correlation. In addition, he shows how cropping deci-
sions are affected by family life cycles, and in turn affect migration 
patterns. He concludes that "switches in the predominant crop (....) 
occur as adaptive responses to emigration patterns arising from stagna-
tion factors and (are) related to stages of family life cycle" (idem 
291). 
Saint concludes by indicating emerging transformations in the agricul-
tural system he studied. He notes changes in the traditional mode of 
production, with tenant farmers being subsituted by wage workers, patro-
nage relations by piecework contracts. 
What is new in this approach? In our view it is the attempt to link the 
characteristics of particular crop production processes to ecological 
and social factors such as equity (see Box 1980a). Cultural ecologists 
and ecological anthropologists have argued largely along the same lines, 
but have not taken the argument as far as Saint and Coward do. Geertz 
for example also shows the relation between equity, ecology and cropping 
production systems but stresses adaptive responses, as Saint (1977:6) 
notes. In the following model (part 2) and in the case studies (parts 3 
and 4), we try to extend Saint's approach and analysis. The historical 
relations between technology and social organization of particular crop 
production systems are analysed. We introduce the notion of genetic 
management of crops, and show how different stages in crop cultivation 
need to be distinguished based on anthropological and archeological 
data. 
We also extend the model into the agricultural research process itself 
and ask ourselves what the value of a sociology of crop cultivation 
could be in the generation of technologies which are relevant to the 
problems of peasant farmers (cf. Van Dusseldorp, 1977). 
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2 CULTURE, CULTIVATORS AND THEIR CROPS 
Geographers and ethnographers have long since drawn out attention to-
wards the extremely complex and highly varied agriculture of the tropical 
food cultivator (Sauer, Gourou, de Schlippe among many others). Some of 
these authors have also indicated the more or less systematic relation-
ships which they found to exist between the technological aspects of a 
given agricultural complex or system, and the social and cultural forms 
or structures based on this agriculture. Cultural ecology, as proposed 
and elaborated by Steward, has offered in this respect the most explicit 
and most refined theoretical orientation in the social sciences, by ad-
vancing a specific frame of reference for the analysis of these relation-
ships (Steward, 1955:87-92). A major criticism ventured by Sahlins (1976) 
of cultural ecology and ecological anthropology in general rightly re-
proaches a too close embrace of these theories with biological environ-
mentalism and nineteenth century possibilism. 
However, by leaning heavily on the "cultural" concept, Sahlins himself 
does not entirely escape from the dangers of denying one of the main 
motivational forces of any cultural system or subsystem, viz. adaptation. 
We propose to study crops, cropping systems, domesticates, agricultural 
techniques and technologies, agricultural knowledge and practices as 
being basic elements of a cultural system. Furthermore, we suggest that 
these are very specific, theoretically distinguishable elements within 
the cultural system. 
This approach will allow us to take a broad historical view on agricul-
ture as a social process, help to formulate new hypotheses about the 
onset of agriculture and about the gradual and sudden qualitative 
changes within agriculture during its various stages; it may also provide 
us with a basis for future contributions of sociology and cultural an-
thropology towards the development programmes of innovation in agricul-
tural research. 
By providing an analytical framework on the relations between man and 
characteristics of crops we will argue that plant domesticates, as a 
specific historical form of "cultural artefacts" have structuring ef-
fects on the social and economic contexts of primitive, peasant and mod-
ern agriculture and, conversely, that such contexts determine the 
choices for the primitive or modern crop cultivator. Thus we can compare 
the prehistoric swamp dweller who gathered the sparse grains from plants 
grown on his nearby refuse heap where seeds were occasionally discarded, 
with the twentieth century farmer who skillfully masters his hundred 
hectare track with aerial sowing techniques and combined harvesting. 
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Both have to organize their lives somehow around the crop they produce, 
both have to resolve the major problem of distributing their resources 
of time, labour, capital, knowledge, etc. with regard to acquiring the 
seed, getting it into the ground, nursing the crop, harvesting it and 
deciding what use to make of it. Both are dependent on the best planting 
season, on the duration of the cropping cycle, on plant productivity, on 
the ease of harvesting, on the fierceness of competition with surround-
ing weeds and other characteristics of the crop. In other words, what 
they have in common is the crop, where they differ is in the ways in 
which they solve their problems. 
Crops are elements of cultural systems, which in a specific way cause 
structural influences on the other elements of the system. Crop domes-
tication has to be seen in our view as a marginal historical case. 
It can be compared with the invention of writing or the introduction of 
pottery (Levi-Strauss, 1961:28ff), but not with other main elements of 
culture like art, kinship and religion, which are less of an "artefact" 
nature and are, moreover, not cumulative in performance. Our character-
ization of agriculture comes closest to the type of reasoning put for-
ward by Leslie White in his idea of energy-harnessing capacities at dif-
ferent stages of human civilization, but differs from it in its deter-
ministic Tylorian approach. 
"Agriculture is merely the name we give to various ways of in-
creasing man's control over the lives of plants. And the signifi-
cant thing about this increase in control is that it may increase 
the amount of food produced per unit of human labour" (White, 
1959:285). 
In the first place, we start with a rather functionalist perspective in 
studying crops: that is, we ask ourselves the question to which "needs" 
the cultivation of crops responds to. These needs are located in the 
economic sphere (food, construction materials, clothing) but also out-
side it: health care, religious and aesthetic needs are met through the 
products or by-products, provided by the cultivation of crops. We also 
mention that in many cases one crop meets several needs. We also note 
that the several crops which make up the total agricultural system main-
tain certain functional relations. 
This can be observed in the agricultural cycle; during the agricultural 
year the various crops are arranged to fit into one coherent complex with 
regard to growing cycle duration, labour needs and product availability 
in such a way that the total outcome can be perceived as one well-
balanced strategy of social and economic optimalization. 
Typically, the traditional food cultivator produces more than one crop, 
and furthermore he will have a particular crop represented by more than 
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one variety or strain. This makes it possible for the cultivator to 
spread his labour in a way which corresponds with his situation. "Situ-
ation" has to be conceived here rather broadly: it comprises both exter-
nal factors of a physical and socio-political nature, as well as inter-
nal factors like habits, beliefs and culturally defined minima to be met. 
In other words, agriculture is seen here essentially as an adaptive 
process. 
Cultivators 
Centrally in our model, figures the cultivator. Cultivation is seen as 
the production and reproduction of living matter for the satisfaction 
of social needs. The living matter produced is called a crop. 
As Harlan (1975:63) has pointed out, anything that can be harvested 
could be called a crop, varying from a rice crop to a crop of calves. 
We restrict our definition of crops and refer to the particular varie-
ties of plants which are made useful to man, who closely controls their 
production and reproduction. This control is reflected in the process 
of domestication, or the historical sequence of events resulting in the 
adaptation of wild plants (or animals) to a man-made environment. Domes-
tication of species therefore implies an ever-increasing human control 
over production and reproduction and, thereby, an ever-increasing depen-
dence of the variety on human intervention in the environment (see Zeven, 
1977:6; Bray in Megaw 1977:232). 
Sauer has constructed a useful classification for ordering cultivates 
to their degree of "domesticatedness". 
"Cultivated plants may be classed under four groups, though the know-
ledge is inadequate at present to allocate many, if not most, of the 
plants under cultivation: (1) the unmodified wild species which is 
planted for convenience of harvesting or for increase of producing units, 
or which may be allowed to increase by protecting a wild stand. The num-
ber of such plants is almost indefinitely large, especially among woody 
species. Here, man serves only to enlarge the local population of the 
given species or to extend its range by carrying it to settlements and 
clearings where it did not grow originally. (2) Domestication takes 
place when, in addition to the care and planting of the wild species, 
local improvement races are created. These may replace the unmodified 
wild form in certain areas, but not in others. Here, man definitely ap-
pears as an agent of selection. (3) Full domestication is achieved when 
the wild form, though still existent, is discarded for purposes of cul-
tivation, and only improved mutants or hybrids are grown. (4) Finally, 
there are the cultigens of which the wild ancestors are lost, and which 
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in most cases depend on the care of man for their continued existence. 
In numerous cases these have lost the capacity to produce seeds or are 
otherwise unable to maintain themselves" (Sauer in Steward, 1955:488). 
We call selection the process in which the cultivator is continuously 
looking for and choosing the "best" sample from a crop population for 
reproduction purposes. The mechanisms which govern these social pro-
cesses are, as yet, not well understood. The apparent or inapparent 
motives vary widely and include, among many others, food yield, ease of 
storage, beauty, taste, shattering avoidance, and good luck (Harlan, 
1975: 126-127). 
We also introduce the notion of "genetic management of crops", which is 
of a more general level than selection and domestication. It includes 
all conscious and unconscious human activities which cause certain dis-
tributions of crops and genetic distributions within crops over geograph-
ical areas (fields, villages, regions, continents). 
Genetic management implies that cultivates become increasingly dependent 
on human care and pampering. At the same time, this implies another de-
pendency, vice versa: man becomes dependent on crops. Man has become 
more and more dependent on the very results of mastering nature. This 
is a crucial observation when studying the cultural and social meaning 
of crops. 
If, in the course of the Neolithic Revolution for instance only peren-
nial crops had been "chosen" for domestication, we might speculate that 
settlement patterns would have been quite different; urban formations 
might have been established much more rapidly (cf. Sauer, 1955:17-18). 
Another speculatory question might be added on the differential conse-
quences of heliophilic and heliotropic plants. Would the fact that most 
of our crop plants are heliophilic (Sauer, 1969:17-18), have been deci-
sive in any degree for early village formations? One could argue that the 
need for open clearings, required for heliophilic plants, would necessi-
tate larger work groups, as opposed to the situation of planting small 
patches of land among shade-providing woodlands, which furthermore 
offered additional opportunities.for hunting. 
And if, in modern times, particular varieties are generated which imply 
a certain level of human intervention, interdependence becomes even more 
evident. Lathrap formulated this quite sharply by saying that this mutual 
dependency is "nowhere more obvious than in Central Illinois today where 
the farmer is in bondage to the insatiable appetite and immense vulnera-
bility of his monstrous hybrid corn" (Lathrap, 1977:715). It is certain 
that early agricultural man, by his options for the new food acquisi-
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tion systems, was forced into tighter cycles of labour, with more ex-
igent, and stricter, labour organization patterns. 
He also had to develop new cognitive systems for the interpretation of 
nature: when to plant, when to harvest, how to proceed in cases of crop 
failures, how to avoid pests, how to improve his crops, how to select 
the best seeds for the next cropping season, how to process his products, 
and how, in more general terms, to adjust his newly obtained knowledge 
into his belief systems regarding religion, solidarity and conflict ma-
nagement with his fellow men. 
We may conclude that historical choice processes exist on two different 
levels. The first level includes the choice of domestication of particu-
lar plants. 
"Of the 200.000 or more species of flowering plants known, only 
3.000 or so have been used to any extent by man for food, and 
of these about 200 have become more or less domesticated, of 
which only 12 or 13 are of major importance" (Heiser, 1973:67). 
From a range of some hundreds of thousand of plants, neolithic man only 
domesticated a few hundred, limiting his scope of action in one way or 
another by the "permitted" width of those artefacts. 
Braudel once put it this way: 
"Wheat, rice and corn represent three definite choices made very 
long ago. The predominance of one grain in a civilization is the 
result of a countless succession of experiments that, as a result 
of 'drifts' over a period of many centuries , gradually 
eliminated all other alternatives" (Braudel, 1977:12). 
The other level of decisions we find in the refinements, adjustments and 
other changes within the domesticated species or cultigens, as realized 
by the cultivator's intervention. These decisions are also of an histo-
rical order, in the sense that they are taken only once and possibly 
never again. 
During this process of refinement and change of crops by human action, 
the whole of society was adjusting itself, and had to adjust itself, 
through the continuous creation of institutions through which the new 
needs, also shaped by the characteristics and properties of the new 
crops and cultivation system could be met. 
At this point, it seems appropriate to clarify the nature of the 
"causality" suggested here. Of course it would be an exaggeration to 
suppose that a particular property of a crop "determines" a social pheno-
menon in an exclusive way. We prefer to use the term "to structure" which 
refers to the contribution in the shaping or forming of social order. 
Also, as already mentioned, the process is essentially a two-way affair. 
For analytical reasons it may be worthwile to separate the two directions 
of "causation". This may be illustrated by a case described by Kelly 
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concerning the maize-growing Totonac Indians in Vera Cruz, Mexico. 
Totonac cultivators have a particular variety of corn which they 
have grown for hundreds of years. During investigations into why 
the Totonac had not changed from these traditional varieties to the 
improved, higher yielding maize it became clear that these varieties 
lacked the big, ear-enveloping leaves which their own maize has. 
These leaves were (and are) locally used as a packing device, and 
apparantly so central or so important to Totonac culture that no 
new variety with small ear leaves could replace them (Kelly, 1952). 
It is a chicken-or-egg problem, whether the leaves were selected for 
packing purposes felt as a need in the Totonac economy, or, vice versa, 
that large leaves were later discovered to be especially suitable for 
wrapping. Whatever the case, the implication for agricultural re-
searchers who want to improve maize yields among Totonac cultivators 
is to take account of local cultural needs (if they do not want to ad-
vise sending a truckload of plastic bags together with the improved 
maize seeds). 
On the most general level we propose that choices in domestication and 
selection of crops are among the main structuring activities for human 
society. We also propose that the choices necessarily imply limitations 
in other future activities. Domestication of predominantly annual food 
crops may imply the non-domestication of perennials. Selection by Amer-
indian cultivators for starch content of cassava roots may imply the 
non-selection for dry-matter leaf content. Modern rice breeding which 
looks for a small, high nitrogen-absorbing rice plant which can be 
planted in higher densities per area unit, implies the non-selection 
for ease of manual harvesting (Barnett, 1969:287). But also, more im-
portantly, as we will discuss below, .it brings into existence new, 
formerly unknown dependencies with ramifications of direct concern to 
the cultivator in his immediate surroundings as well as to global food 
and input markets far beyond his imagination and control. 
In order to get a more comprehensive grip on the process of increasing 
dependencies of man and crops and how the process may be related to 
social institutionalization and social articulation we present, as a 
hypothesis, a historical framework in which the concept of "genetic 
management of crops" is related to the socio-political organization of 
agrarian societies. 
It is acknowledged that the term has some ambiguity. Domestication is 
very difficult to place in our historical calendar. It might well be the 
case, as proposed by Lathrap and others that the process of domestication 
has covered a period of more than 4P.000 years, which may throw what hap-
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Fig. 1 Levels of genetic management of cultivates associated with 
social order characteristics. 
Levels Characteristic of 
cultivation pattern 
Minimal Collection of wild species 
Incipient Elementary intervention in 
reproduction leading to 
domestication 2) 
Advanced Advanced intervention in 
reproduction reflected in 
availability of varieties 
domesticated elsewhere 
Maximizing Complete intervention in 
reproduction, reflected in 
varieties purposely adapted 




Tribal orders of hunters 
and gatherers 
Tribal orders based on settled 
agricultural populations with 
a rel.low division of labour 
Social orders with increasing 
division of labour, resulting 
in specific agricultural popu-
lation 
Complex social orders inte-
grated in modern world system, 
depending on science for the 
generation of technologies and 
with a high division of labour, 
also within an agricultural 
population. 
1) Levels do not necessarily correspond to historical epochs and do not 
imply a unilinear development. Genetic management may decline in 
particular periods in given areas and follow a circular course. 
2) Domestication is used here in the conventional sense (Sauer, 1952, 
Heiser, 1973). 
pened afterwards, in the period after Neolithic Man, somewhat offbal-
ance. But, on the other hand, virtually all the data at our disposal 
are post-neolithic. Some arguments in favour of the view that domestica-
tion is still around (late domesticates, modern plant breeding) also 
weaken the concept. Others (e.g. Evans, 1980) point out that domestica-
tion should be seen as a "reluctant evolution", rather than a unique 
event. Sociologically speaking however, we hold that with domestication 
a new decisive stage was reached, and as such was "unique". 
The model leaves aside questions regarding the (multiple) origins of agri-
culture versus the one centre theories (Heiser, 1973) but is primarily 
concerned with the relations between cultivation patterns and social 
orders. The first historical movement discernable through the stages of 
crop management consisted of a gradual proliferation of crops and crop 
varieties, together with diffusion movements of crops and cropping sys-
tems from their centres of origin through varying geographical locations. 
A subsequent movement could be characterized as role reduction of the 
cultivator: where during the preliminary stages of agriculture all func-
tions pertaining to the agricultural process were exercised by the same 
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cultivator, these functions became so specialized, that later on distinct 
institutions had to be created to respond to new needs. (The most deci-
sive one was of course arrangements of markets, when peasant agriculture 
had to respond to urban food demands, and the choice of which crops to 
grow was heavily influenced by outside forces). 
The first historical movement, expressing crop proliferation, would be 
expected to concern only a few crops at the beginning phase of agri-
culture. During the tribal society "phase" the number of crops would 
slowly increase, proliferate widely at the so-called paleotechnic level 
(Wolf, 1966), gain impetus by global diffusion processes of food and 
other crops, become slowly reduced during the next stage, and really 
become constricted with the emergence of western, highly mechanized 
agriculture. Furthermore, with the internationalization of agricultural 
research, a new contribution to this constrictional movement was real-
ized. It should be added that this was accompanied by a contrary move-
ment (at least the creation of a potentially contrary movement), namely 
the installation of massive storage and study of "old" genetic materials 
in gene banks. 
We must of course distinguish between the number of varieties within 
given crop species and between the crop species themselves. Our hypo-
thesis holds that both have parallel movements during the mentioned 
evolutionary periods, especially during the first stages. Once the 
pattern was "set", the proliferation of crop species into thousands of 
locally adapted cultivators could start. 
We have thus set the stage for the analysis of two cases: one on cassava 
cultivation and domestication among Amerindians, and one on changes in 
rice cultivation among peasant cultivators in Colombia. Cassava culti-
vation is studied in terms of phases II and III of genetic management as 
depicted in Figure 1. The analysis of rice cultivation in Colombia starts 
in the 'Historical' phase, with domesticates being imported from else-
where. The analysis continues with the implications of modern technolo-
gical divisions of labour for rice cultivation in the area, and for the 
social orders in the respective communities. 
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3 CULTIVATION OF THE BITTER CASSAVA BY THE AMERINDIANS 
Introduction 
Cassava (Manihot esculenta Cr.) is a tropical root-crop, growing under 
a wide variety of ecological conditions and with a number of character-
istics which make it a particularly popular crop among peasants. It can 
be grown on poor soils, resists extended periods of drought, and can be 
kept on the land after maturation. This means that peasant-farmers, 
cultivating poor plots with uncertain rainfall and considerable market 
uncertainties can grow cassava as a risk-aversion crop. 
It is also an efficient carbohydrate producer. De Vries, Ferwerda and 
Flach demonstrated in 1967 that cassava produces more starch per hectare, 
more than many other tropical crops. Its food value is, however, limited 
to carbohydrates. It is low in protein, low in particular vitamins and 
also low in minerals. Therefore, when used as a staple, it has to be 
supplemented with other food. 
In the tropics, some 200 million people get most of their calories from 
cassava. This is a very rough estimate since fairly little is known 
about actual human consumption of cassava and its various derivatives. 
It has been estimated, however, that future human consumption will in-
crease, particularly in Africa, where forty per cent of the total calo-
ry intake is provided by cassava. In South America, on an aggregate ba-
sis about twelve per cent of total calory intake comes from cassava. 
One of the interesting characteristics of the crop is the fact that it 
is a typical peasant crop. Although large-scale capital-intensive culti-
vation has occurred in the former British, Dutch and French Colonies, 
no radical innovations have been introduced in cultivation patterns. 
This has not occurred over the past twenty years, during which time con-
siderable changes in other crops have taken place; rice cultivation in 
northern Columbia for example. 
In fact CIAT, the major centre of cassava research in the world, has not 
delivered new cassava varieties, or relevant agricultural practices which 
have been adopted on anything like the scale found in rice cultivation. 
The curious phenomenon is that cassava is being cultivated in Latin 
America in more or less the same way as it was when Columbus first set 
foot on Hispaniola. Vasquez de Espinoza (1948) noted: 
The common or main type of bread which is eaten there is 'cazaba', 
made of a root called cassava (yuca) which is like a Galicean 
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turnip. To make this bread or cazaba they grate the cassava and 
extract the sap which is deadly poisonous, but once cooked it is 
the principal sustenance of the Indians. 
Of course changes have occurred since then: insecticides are used, land 
preparation is mechanized in certain cases, and under certain conditions 
fertilizers are being applied. But on the whole cassava cultivation is 
at the paleotechnic level, as Wolf calls it. That is, cultivation relies 
on human and animal energy and not on machines; traditional knowledge 
outweighs special bodies of "scientific" knowledge (Wolf, 1966: 19-20; 
35-36). 
This may be even stronger in the case of bitter cassava cultivation, 
such as Vasquez de Espinoza described, than for sweet cassava cultiva-
tion. Since this system has not been studied very extensively, and since 
it is still of importance in countries like Colombia, the Dominican Re-
public and Brazil, it might be worthwhile to pay some attention to it. 
In fact three types of cultivation systems can be distinguished: 
the traditional, as described below for the Amerindians, 
the Peasant type, on which some research has been done in Colombia 
(Diaz & Andersen, 1977; Doorman, 1978). 
The modern type, employing available technology developed in (inter) 
national research institutions. (For comments on cassava research 
and development, from a sociological perspective, see Box, 1980b). 
In each type of cultivation system, different characteristics of the crop 
may be singled out for selection. In the traditional cultivation system 
around the Amazon, selections were made resulting in varieties which 
could be processed into cazabe, as will be discussed below. In peasant 
agriculture constrained by land-shortage, as in the Dominican Republic, 
varieties are selected for example for their capacity to grow on depleted 
soils. And, in the national and international research centres, other 
characteristics are fostered to support a modern type of cassave culti-
vation system; characteristics like high yield per ha, disease resis-
tance or ease of (mechanized) harvesting. 
One reminder. The following is not an argument for a return to Amer-
indian modes of cassava cultivation. It is intended more as a contribu-
tion to the social history of a crop, showing the particular interrela-
tions between social context and crop characteristics. 
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Amerindian cultivation of cassava 
It is rather the exception than the rule that a widely dispersed food 
crop can be studied in the ecological and socio-economic contexts in 
which it was cultivated for thousands of years. Contemporary cultivation 
practices among Amerindians are not very different from the ones Colum-
bus found when he first saw cassava in Hispanolia. And contemporary 
peasant cultivation systems in South America show a great deal of simi-
larity with Amerindian production and processing practices. 
The differences between contemporary cultivars, and the ones grown 500 
or even 5000 years ago, are likely to be much smaller than in the case 
of maize (see Mangelsdorf et al., 1971:484-485), or wheat (Jarman, 1972). 
In this respect, cassava may be more like taro, sago and indigenous 
Andean potatoes; all starch-producing crops which have not become part 
and parcel of western diets, and which have not been the object of large 
scale research and development programmes. 
Amerindian agricultural practices have been studied in great detail over 
the past half century, by anthropologists and others. Fairly accurate 
reports are available from early travellers, missionaries, etc. From 
this, a general picture can be drawn of the social organization of cas-
sava production and reproduction among South American Indians, the dif-
ferences between groups and the changes which may have occurred. 
Early cultivation and domestication 
What do we know about the earliest cassava cultivators? Very little. 
Unlike the pre-domesticates of maize found by Mangelsdorf and his col-
leagues, no cassava pre-domesticates have been located. Pollen analysis 
cannot be done since cassava was and is reproduced vegetatively, and 
plants are generally harvested before they flower. Few cultural arte-
facts remain which can give archeologists an adequate idea of how, and 
when, earliest cultivation took place. Graters have been located at 
various sites (Lathrap, 1973:175) and so have oven plates or burenes 
which could have been used for baking casabes or unleavened round cassa-
va bread. But were these exclusively used for processing cassava? 
This selection is based on research done by Barbara Lasocki-de la 
Rive Box to be published as Man and Manihot: anthropological lite-
rature review of cassava cultivation among Amerindians (Wageningen, 
Agricultural University, Department of Rural Sociology of the 
tropics and subtropics, 1981). 
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Renvoize (1972:354) has argued that the oven plates cannot be considered 
sufficient evidence for cassava cultivation, since very similar plates 
were used to bake maize-breads in the respective areas. 
There is no answer, therefore, to the question of who domesticated cassava 
where and when. Spath (1973:62) concludes from his own data and the avail-
able literature that the type of intensification in cultivation we usual-
ly associate with domestication took place in four areas, and possibly 
at different times. He suggests as likely primary hearts of domesti-
cation: the Guatemala-southern Mexico region, the coastal savannas of 
north-western South America, eastern Bolivia and north-western Brazil, 
and another in eastern Brazil. In other words: not in the Amazon region, 
but rather to the north, the south-west and the south-east of it. 
Renvoize in her review of the literature, comes with a different dis-
tinction, based on bitter versus sweet cassava (to which we return below). 
She follows the ideas of Mangelsdorf and his associates who suggested 
that each "had a separate and local history of cultivation". 
She argues that : 
"sweet manioc was first domesticated in Mesoamerica as one item 
in an assemblage of vegetatively propagated crops ( ). 
When only the sweet varieties occur, they characteristically form 
part of a crop complex dominated by maize ( ). Bitter manioc, 
on the other hand, is likely to have first come under cultivation 
in northern South America (Renvoize, 1972:358-359). 
Renvoize incorporates a wider variety of data than Spath as to the ori-
ginal loci of cassava domestication, including the work in Central 
America. Considering the available literature it seems plausible, how-
ever, to select two major hearts of cassava domestication, one in cen-
tral America for sweet varieties forming part of a cultivation system 
including maize; another in South America savanna regions associated 
with a cultivation system in which bitter cassava was the dominant 
crop (cf. Schwering, 1970:26-27). 
As to the time of domestication, no one answer can be provided here 
either. Spath (1973:63) suggests that the "actual domestication of 
manioc in a number of localities can be conservatively placed in the 
8000-6000 BC range, though intensive agriculture systems do not appear 
until about 3000 BC". But what is meant by cassava domestication? It 
refers to the way of reproduction: it is only when vegetative repro-
duction takes place, through cuttings with several nodes, that plant 
and tubers emerge. Plants grown from seed do not produce tubers, but 
form a tap root (Spath, 1973:53, Rogers, 1973:14). Domestication, in 
this case, therefore, primarily means the selection of cultivars which, 
under vegetative reproduction, will produce the desired tubers. 
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The species is not known in a purely wild state (Rogers & Appan, 1973: 
29), and has a "weedy" character (Spath, 1973:54). Frequent hibridization 
of cultivars with local wild cultivars occurs (Rogers & Appan, 1973:8) 
leading to a great variety of material to select from, which is well 
adapted to local conditions. 
Cassava domestication therefore has different characteristics than domes-
tication of other food plants such as cereals. It is intimately tied up 
with vegetative reproduction of a weedy plant; moreover, the species has 
not lost its capacity to disperse seed, a characteristic closely associ-
ated with cereal domestication. Whether we may speak of domestication 
is in fact a question in itself; intensification of its cultivation can 
be noted, strongly associated with the emergence of countless "wild" 
hybrids forming an unintended consequence of cultivation which may be 
used in their turn for the selection of prospective cultivars. Man uses 
nature as a vast hybridization experiment, from which he draws his 
valuable cultivars. 
Contemporary Amerindian cultivators of bitter and sweet varieties 
Even though we only knew very little about the botanic and social an-
cestry of cassava domestication, we know quite a lot about the offspring. 
The species has been the subject of extensive botanical research (see 
Rogers and Appan, op.cit.). The cultivators have been the subject of a 
plethora of professional and amateur anthropological investigations. A 
few studies have dealt explicitly with cassava cultivation among Amer-
indians in historical times, such as Saake's Der Maniok bei den Urwald-
stämmen Südamerikas (1950/1943); Schwerin's The bitter and the sweet; 
some implication of techniques for preparing manioc (1971) and Spath's 
The toxicity of manioc as a factor in the settlement patterns of low-
land South America (1971) and Renvoize's Manioc (Manihot esculenta 
crantz) and its role in the Amerindian agriculture of Tropical America 
(1970). 
These studies are based on a host of other studies on Amerindians, none 
of which was aimed at studying the crop as such, but rather its culti-
vators. Schwerin's very useful survey has a suggestive title: the bitter 
and the sweet. Indeed, much of the discussion on South American cassava 
cultivation has dealt with this distinction. Although plant scientists 
have discarded the distinction, anthropologists continue to be faced with 
the fact that among Amerindians and South American peasants, the distinc-
tion between sweet and bitter varieties is made and is associated with 
different cultivation systems. For the biological side, Bolthuis (1954) 
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concludes that "expert views are sufficently in agreement to justify 
abolishing altogether the conceptions of "sweet" and "bitter" cassava, 
and classifying the varieties exclusively according to their degree of 
toxicity (184). Rogers and Appan (1973:32-33) take the middle position 
and note that in local names the bitter and sweet distinction is used 
and that "these names (or some equivalent sound) seem to have been in 
use by natives in the Western Hemisphere tropics (33)". Bitter 
refers to those cultivars considered poisonous in a given habitat. 
Toxicity, however, varies strongly not only with cultivar, but also with 
type of soil, climate, harvesting date. On top of this, variations occur 
among the tubers of one plant. In other words: a relatively non-toxic 
cultivar, called sweet in one place, may turn out to contain a lethal 
dose of HCN (prussic acid) in another. 
One of the key questions one might ask with regard to Amerindian cassava 
cultivation is: why did they cultivate toxic varieties at all? Why is it, 
that in the face of both sweet and bitter cultivars, they did not turn 
ostensibly to the sweet one, being less risky and requiring less labour? 
The answer has been given many times, but no definitive study appears to 
have been made (see also Spath, 1971). Lathrap (1973:174) suggests that 
the "cultural significance of bitter manioc lies in its higher starch 
content and in its crystalline structure of the starch. It is simply a 
better basis for bread and flour production". Since he does not document 
the statement, it is hard to check the sources. On the starch production, 
no definitive data exist: under certain conditions relatively toxic 
varieties do have a higher starch content, under others they do not. No 
confirmation could be found for the relation between crystalline struc-
2 
ture and HCN content. . 
Other factors which have been mentioned are the greater resistance of 
toxic varieties to pests, and their capacity to grow on poor, sandy 
3 
soils. 
Be that as it may, the fact remains that bitter cultivars are commonly 
associated with their better starch for special purposes (such as casabe 
or cassava-bread making). Sweet varieties are grown for use as a vege-
Current research by L. Box among (bitter) cassava cultivators in the 
Dominican Republic indicates that "sweet" tubers can and have been 
used for bread production. Taste differences are minor, but percep-
tible; bread strength appears to be somewhat weaker in the case of 
"sweet" cassava, which may be related to the relatively high water-
starch relation in the tubers used. (Field notes L. Box). 
Based on field interviews with bitter cassava cultivars in the 
Sierra region, Dominican Republic (Field notes, L. Box, 1979). 
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table and are eaten in stews, or boiled. Given the importance of 
bitter-cassava products, these cultivars appear to have been the favour-
ites of many Amerindian communities: the advantage of these products 
being their storage quality, and the associated value in trade or as 
a means of exchange as such. 
Production and reproduction of bitter cassava among Amerindians 
In the Amazon basin, cultivation of bitter varieties is dominant. Saake 
(1950:2) notes that the bitter type is the only cultivated plant "which 
really affects economic and social relations in this area". The following 
description is based on Saake's account. 
Location of planting is determined by soil fertility, soil humidity and 
settlement proximity. Time of planting is determined by the dry season, 
allowing the burning of the essential wood-lots. Clearing of trees and 
shrubs was done with stone axes and machetes made of hardened wood and 
more recently with metal implements. The heaviest work in this respect, 
done by men, is the felling of trees which could take as much as two 
months per tree. After leaving the cut wood to dry for some time, it is 
set on fire. Large trunks are left on the land after burning to provide 
some soil cover and prevent excessive drying of the soil. They also 
shelter the young plants against the wind and may serve as pathways 
through the fields. Planting is done in the ashes, since they are known 
to have fertile qualities. 
Stakes are generally planted pell-mell after loosening the soil, which 
is not otherwise worked, making holes with digging or planting sticks. 
Some Amerindian communities make small hills or mounds which are espe-
cially frequent in the savanna regions of the Antilles; other communities 
make planting beds. Planting is done by the women. Weeding is also gene-
rally done by women and girls, if it is done at all. It is done by hand 
and requires a few weeks work per lot. Weeds in the vicinity of the plant 
are pulled out, mounds are kept weed-free and young shoots are eliminated. 
Harvesting is done by women and girls after one or two years, with consi-
derable variation depending on location and need. The women do it every 
other day or so to gather what is needed for household bread, beer or 
boiled tuber consumption. Harvesting and transport may be heavy chores, 
performed by the women and their daughters (Saake, 1950: 3-10). 
4 Schwerin notes that the distinction cannot be made in all cases on 
the basis of processing technique, since both bitter and sweet cul-
tivars can be used for various products, such as casaba, farinha 
seca, and farinha de aqua. 
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lost of the work, however, is in the processing of the tubers which is 
Llso traditionally done by the women. The cassava has to be peeled, 
•ashed, grated, pressed, sifted ahd baked to make casabe bread or 
'arinha seca (the course meal). Schwerin (1?71) has given an elaborate 
:eview of all documented cassava processing techniques; he describes 
:eventeen different processes among Amerindians and finds it strange 
:hat only four or fiv~ of them are ever thought of. The reason may be 
:he prevalence of some processes over others: casabe and farinha making, 
:ogether with kashiri making (the fermented beverages from cassava). 
1ccording to Schwerin, casabe is reported for 34 aboriginal groups, 
:arinha seca for 17, and kashiri for 32 groups; all other uses have far 
.ess prominence (in the literature). 
!either Saake, nor Schwerin have given us an adequate account, however, 
)f the amounts of time involved in the production or processing of the 
:rep. Paul Aspelin has done this and his work can be used to analyse the 
1uantitative aspects of the division of labour. 
\spelin offers the most complete information yet available. 5 He has 
;tudied the Mamainde of Mato Grosso, Brazil and provides data on one 
:assava-producing village. In Aspelin's village, the cultivation of bit-
:er casava is dominant. In Table l the distribution per crop is given. 
~able 1 Crops cultivated on Mamainde village food-plots in 1971* 
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see for comparable data Hurault, 1965 - La vie materielle des Noir 
Boni et des Indiens Wayana du Haut-Marani (Agriculture, economie 
et habitat). 
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Bitter cassava occupies four out of every five mounds in the village. 
The sweet cultivars are only grown on 1.7 per cent of the mounds, and 
produce less in kilograms than any other crop. It is interesting to note 
that of the bitter cassava cultivars, the ones grown for beiju (type of 
cassava br.) produce significantly more than the other cultivars. Bitter 
cassava is cultivated because it solves the problems of seasonality and 
capital stock. Aspelin explains: 
"The season of the non-manioc roots (March-June) is relatively short, 
and since their vines die with the heat of the dry season, they can-
not be left indefinitely in the ground until desired, as can unhar-
vested manioc roots. It would not be feasible for the Mamainde to 
rely exclusively on the non-manioc root crops, given their state 
of their arts of preservation of foodstuffs. Likewise there is the 
problem of capital stock. A manioc plant produces enough shoots 
(its branches) to reproduce itself many times in the next season 
without affecting the quantity of its product used in the present 
season (Aspelin, 1975:107)". 
Even though the Mamainde wish to increase their plantings of other root-
crops, they are forced to rely on cassava. They probably know that cas-
sava gives them less fresh-root weight per mound, and must be aware of 
the fact that it-requires much more labour to process. Aspelin (1975: 
106) has calculated that 2.02 kg per hour of cassava were processed into 
edible product, against more than double (5.18 kg) of non-cassava roots. 
This is confirmed in Table 2 which gives data on food production labour 
requirements for the different crops planted. 
Table 2 Total food production labour requirements in hours for crops 








































** Fields were rarely weeded (Aspelin, 1975:88) 
*** Children are not included 
(%) 
(2.1) 
( 2. 9) 
(5.3) 
(6.8) 
( 17 .1) 
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Of the total time spent on cassava production and processing, women con-
tribute a little less than three quarters. About half the total time is 
spent by women on processing this crop, which is in addition a very 
tiring job. 
The labour requirements in Table 3 refer to total food labour-require-
ments for the village. To get an idea of what this means per person, 
Aspelin converted the data into average daily hours of food production 
labour per man and per woman. Total time spent on food production is 
rather limited, according to these calculations. For men it varies be-
tween 2 to 2.5 hours per day, for women between 1.5 to 2.5 hours per day. 
These figures are quite low, for example when compared to peasant farm-
ers colonizing areas which are comparable to the Mamaindê village Aspelin 
studied. 
Table 3 Daily food production labour among resident men and women in 
a Mamaindê village (1971)* 
Average daily hours of food production labour 
Activity per resident man per resident women 













Totals 2.01 2.49 2.59 1.56 
* From: Aspelin (1975): p. 116 
On the whole, differences between men and women are not great as far as 
food production is concerned: in the wet season, the women work half an 
hour more (taking care of the food plot), in the dry season the men work 
an hour more (hunting). 
Goldman (1963:58), in his study of the Cubeo of the north-west Amazon 
(Columbia) draws a different picture. He stresses the drudgery women 
must experience while working their cassava plots and processing the 
harvest. "Hers is the steady routine of plantings, scraping, grinding, 
operating the tipiti press, and, finally, forming the manioc cake and 
baking it". Women spend on average nine hours per day on cassava (Gold-
man, ibid). This varies with Aspelin's two hours, and suggests that 
further research is needed to establish real production-time require-
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ments under different circumstances. From Aspelin's data, however, a 
good impression may be obtained of the division of labour among the 
sexes. Cassava cultivation is essentially a woman's affair. Leaving 
aside cutting the brush and burning it, she does the work. She decides 
what to plant and where: "the decision as to which crop to plant in 
which area is largely that of the woman since it is she who comes along 
behind the man with the basket of roots and shoots to plant and she,... 
thus decides what to put in each mound." (Aspelin, 1975:95). 
In other words, she does more than just work. She is the agronomist-
avant-la-lettre, or the precursor of the modern cassava crop scientist 
(see also Goldman, 1963:60-61). Within the Amerindian cassava cultiva-
tion system, she is the one who knows about different cultivars, about 
soil fertility, about potential and real yields. She selects the culti-
vars, and decides on the particular mix of half a dozen or so, to be 
planted in different places. And she forms part of the exchange net-
works, which may extend for thousands of kilometres. Goldman discovered 
that one group of Cubeo cultivated a variety obtained from Indians below 
Manaus (1200 km away as the crow flies, or about double that distance 
when going by boat). 
In fact, very little is known about the social organization of cassava 
reproduction. Cultivars have their local names, and no survey has as 
yet been done to classify all local varieties among the remaining In-
dians. Yet such research could give valuable insight into the genius of 
aboriginal crop development. At this point we only know that over the 
ages, women must have traded stakes with neighbours, or with visitors. 
Through this continuous experimentation and through the selection of 
hybrid cultivars resulting from crosses with wild or 'feral' plants, 
they established a highly adapted and quite stable calory supply. 
Sociological implications 
At this point, the following sociological observations can be made: 
Bitter cassava cultivation occurs within relatively small production 
units, which generally coincide with the family household (Saake:33-36). 
A strict division of labour exists, in which the woman is reponsible for 
all production decisions and activities with the exception of clearing 
the brush and burning. She is also responsible for the processing, there-
by controlling the provision of calories and fermented beverage (Saake: 
36-41; Goldman:58-65). Since cassava cultivation is the major economic 
activity among most groups, the womap controls the household economy. 
It is a major economic activity, because it is one of the activities 
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which may create a surplus to be traded for other goods. It is the woman 
who controls it, since she has certain rights over the products of her 
work (Saake:51). 
Over the ages, these relatively isolated groups have maintained contact 
through trading relationships. Cassava products, such as farinha were 
traded over great distances and could also be used as a means of exchange 
(Lathrap: 173-176)(v. Luetzelburg: 1940 :296). 
Amerindian man, or rather woman, selected cultivars which allowed a way 
of life characterized by a very efficient food production system. The 
plant has maintained so called 'weedy' characteristics, which allow it 
to co-exist with other tropical forest vegetation with a minimum of 
weeding or extra cultivation practices. Important characteristics of 
the plant are further associated with its capacity to produce starches 
which could be the basis of casabe or farinha production, kachiri (or 
xixi) production, or any of the other uses mentioned above. Characteris-
tics which are not mentioned in the literature as being of importance 
are tuber size, or plant productivity as such. Speed of tuber production 
could be a factor, but is not explicitly mentioned as such: on the other 
hand, capacity for storage on the ground is mentioned as a significant 
characteristic (Goldman:60; Aspelin:107; Spath, 1973:54 ff). Taking 
these factors together, bitter cassava cultivation among Amerindians ap-
pears to be closely associated with a society built around the family 
household unit, in which the woman plays an important part. Surpluses 
arise from cassava cultivation and have formed the basis for long-range 
trading networks, allowing for occasional contact between riverine com-
munities. In the course of these contacts plant materials may also be 
exchanged, allowing for great dispersion of genetic material. 
A final observation regarding the efficiency of this food production 
system. If Aspelin's Mamaindê really do spend only two hours on food 
production, it is indeed surprisingly little. Considering the fact that 
the Mamaindê, or for that matter most aboriginal Amerindian groups in 
the Amazon region are considered to have a rather well-balanced diet, 
it is even more remarkable. Denèvan (1971:515) has concluded with re-
gard to cassava cultivation among the Campa of Western Amazonia (Peru) 
that theirs is 
"a simple, labor-saving way to provide calories, while a man's 
greater physical efforts are directed toward hunting for the 
more basic food element, protein". 
He confirms that this suggests a "considerable agricultural sophistica-
tion, much more than of the average non-indigenous settler in tropical 
Peru (ibid)". It is indeed that remarkable adaptation which strikes each 
observer. Whereas cassava-cultivating peasant-farmers in Brazil, Colum-
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bia, and Peru are known to have unbalanced diets, and therefore suffer 
from malnutrition, Amerindians have learned to live quite well with cas-
sava-based diets, which in addition they do not consider to be inferior 
to other ones. 
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4 RICE IN COLOMBIA 
The genetic and cultural management of crops is an often forgotten role 
of peasants. Only during the last 150 years, since the first agrochem-
ical experiments of Justus von Liebig, or maybe even later, viz. when 
the Laws of Mendel were purposefully employed for the first time by 
plant breeders, this role has been shared by public and private research 
institutions. This role is sometimes acknowledged by modern agricultural 
researchers: 
"Progress was not rapid but the total contribution of the ancient 
agriculturalists rivals that of modern professional plant breeders" 
(Lennings, 1976:181). 
Agricultural man has continuously realized plant selection, diffusion 
and local adaptations to micro-environments of climate, soil, weather, 
plagues, etc. One example of how a crop has gradually moved from one 
level of "genetic management" to other levels is the case of rice in 
Colombia, which will be described in a way relevant to our discussion. 
Rice - Oryza sativa L. - is the world's most important crop for human 
consumption: it is the basic staple food for more than fifty per cent 
of mankind (Heiser, 1973:87). The exact origin of the cultivate, one of 
the 25 species of the genus Oryza, is still subject to scientific debate 
(see for details Gorman, 1974:322), but there is not much doubt about 
the Asian origin. Only the time and place of rice domestication remain 
under discussion: the opinions vary from northern China (Gorman, 1974: 
322) to southern China (ib. 323) and from between 7000 B.C. (Higham, 
1974:404) to 3500 B.C. (Sauer, 1852:33). 
Rice is an annual grain crop, although its immanent perennial character-
istics permit cultivators to harvest rice from the same plant for more 
than one consecutive season (Sauer, 1952; Jennings, 1961). It is grown 
all over the tropical zones of the world, but also in temperate zones 
where the highest yields are obtained (Crist, 1964:10). 
Asia provides more than 90 per cent of the world's rice, but also out-
side that continent one finds important rice production and consumption 
regions. One of these is Latin America which accounts for four per cent 
of the total world production (an estimated twelve million tons per year 
as in 1974 according to FAO statistics (FAO, 1974:114). Today "in Latin 
America rice is one of the most widely produced crops. It is grown in 
virtually every country of the region and under a wide range of ecolo-
gical conditions" (Scobie, 1977:2). It is highly probable that rice was 
introduced to Colombia by the Spaniards in an early phase of their colo-
nial rule. During the second half of the sixteenth century, the colonial 
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authorities included the crop in a decree which regulated the products 
the Indians had to grow (Colmenares, 1968) and an important gold mining 
centre in northern Antioquia became the first rice-growing district, 
chiefly to supply food for the miners (cf. Vasguez de Espinosa, 1948: 
231, 235, 236). We also know that in the sixteenth century rice was 
produced in frontier zones like those in Tourna where it was probably 
used as a transitorial crop: a function it still has in colonization 
regions all over tropical Latin America (for details on the history and 
diffusion of rice in Colombia see Spijkers, 1981). Probably during the 
eighteenth century, but certainly before the middle of the last century, 
rice had become a widespread subsistence food-crop and a generally accept-
ed food item in the lowland tropics of Colombia. 
Techniques of rice cultivation have varied across the region from early 
days onwards. Some regions had irrigated rice fifty years after the Spa-
nish occupation, but lost this custom until it was reintroduced more 
than three centuries later (see Patiflo, 1969:80 and Jennings, 1961:20). 
Transplanted rice existed alongside upland cultivation. Sowing was some-
times done by enclosing cattle in a fenced field to work the soil and 
bury the seeds. Ratooning as it is done today seemed to have been prac-
tised as early as the seventeenth century. Harvesting practices included 
plucking ("milking") the ears with thumb and forefinger, and cutting 
stalk for stalk with a small knife. It is highly probable that the north 
coast of Colombia became a focal point for a wide diversification of 
land races. Nowadays, more than one hundred types of rice are distin-
guished by local cultivators in that region. This resembles certain 
areas in French Guyana and other lowland tropics of South America 
(see, for instance, Hurault, 1965:37). 
Until the nineteen-thirties, rice was a typical peasant cultivator crop. 
It was cultivated mainly on two well-defined ecological niches: annually 
inundated regions, especially in deltaic riverine areas on the north 
coast and other sites subject to flooding. The other ecological situa-
tion is found in the hillside junglelands where colonos, in a process 
of slash-and-burn agriculture with a subsequent turning into pasture 
of these cleared sites (that is after one or two rice harvests) were 
and are pushing the agricultural frontier away from the urban centres. 
Commercial farming, with the use of new techniques like water control 
by irrigation works and mechanized land preparation, had its beginnings 
mainly in the more developed interior departments of Colombia. This hap-
pened about sixty years ago in the Huila department, especially in Campo 
Alegre, and later on, during the forties, in the Tolima-department. 
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But rice agriculture was only in a position to acquire an impetus of its 
own after a determined state intervention. It was thus to escape the fate 
of other tropical crops, characterized by Leurguin: "the typical patterns 
in the evolution of agricultural production". 
"A boom in crop production develops in one place or another in an 
atmosphere of contagious optimism. People move in, large stretches 
of new land are planted, and output increases. Then comes a second 
phase. Concentration of production in areas where there is no cold 
season of dormant vegetation provides breeding grounds for parasites 
insects, weeds and fungi; monoculture tends to deplete specific 
plant nutritients in the soils; seeds introduced from abroad may 
degenerate. Attractive prices often do not last long. Rates of net 
income on farms decrease gradually; enthusiasm for expansion of 
output fades; and the farmers migrate or turn to the production 
of other commodities. This pattern of alternate boom and decline 
has often been observed in Colombian agriculture. In the rice in-
dustry, however, a third phase has followed: one of recovery, with 
massive application of improved inputs and methods, leading to 
considerable progess" (Leurguin, 1967:220). 
State intervention in Colombia primarily consisted of a favourable price 
policy towards the producer and in an active support by the government 
towards agricultural research. These two policies were initiated during 
the early thirties and were largely responsible for the considerable 
progress described by Leurquin. 
But what did the starting situation look like? For an understanding of 
the change processes from one level of crop management to another we 
need more insight into the intricate complex system of rice cultivation 
within an appropriate unit of analysis. In the section to follow we will 
indicate briefly how in one rice-growing village on the Colombian north 
coast, the farmers make use of different types of rice, how they grow 
them, how they distribute them in the fields during the growing season, 
how a very broad range of rice materials is used in a particular farming 
system, and indeed how Costeno farmers are active managers of genetic 
materials. 
The village we chose - Los Monos - is situated between the Sinu river 
and the Cienage Grande near the township of Lorica, about 100 miles 
south-west of Cartagena. This has been an important rice-growing region 
for at least the last 300 years (cf. Leurguin, Patifio, Sanchez Juliao). 
In Los Monos, rice is grown essentiaaly as a subsistence crop, although 
sometimes part of the produce is sold. Other crops of some importance 
are maize, frijol or frisol (Vigna species) and cassava. 
Rice has been grown as long as the farmers can remember. They distin-
guish between two main systems of rice-growing: arroz criollo and arroz 
forastero. These names suggest that criollo (indigenous) rice was grown 
first, and that forastero (foreign) rice only came into the system at a 
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later date. The distinction refers basically to planting and water re-
gime differences, but parallel to those are, for example, the differ-
ences in soil types, labour requirements, occurence of pests (especially 
birds). 
Although the farmers distinguish between types of rice, criollo or 
forastero, a forastero type is sometimes grown under criollo conditions 
and vice-versa. 
Forastero types, then, are sown in seedbeds and transplanted about four 
to six weeks later (sometimes longer) with a digging stick (called chuzo, 
palanca or espeque) in flooded or floodable fields, very often in swamps 
or on river banks. The strategy is to have the seedling ready for trans-
planting as soon as the swamps or rivers have filled up sufficiently and 
the floodings start (for this reason the seedbeds are normally kept dry 
to check the growth of the seedlings). The transplanting normally occurs 
in June, about two months after the beginning of the rainy season, but 
may also take place later, depending on the start of the floodings. 
Criollo rice types are also sown with the chuzo, but they are sown 
directly on higher terrains and depend on rainfall for their water 
supply. Where jungle conditions still exist on the Colombian north coast 
(which is no longer the case in Los Monos), criollo rice types are grown 
between the burned stems and trunks in slashed and burned fields, often 
for only one or two cropping seasons, before turning the field into 
pasture. 
Weeding is important for criollo rice: two to three weedings are normal; 
this is not the case for forastero rice, where after a first weeding the 
rice plants compete succesfully with other aquatic plants. Normally the 
weeding is done by hand, although occasionally chemical weed killers are 
used. 
Both rice types are harvested with a small knife, a cuchilla, whereby 
each stalk is cut individually. The harvester cuts one handful of stalks, 
which he calls a bajada, or manotada. Two or three bajadas form a pufto, 
a fist. Harvested rice volumes are referred to in terms of punos, or in 
botijas, one botija equalling 25 punos. The pufios are hung up under the 
ceiling of the farmer's house, preferably in the kitchen area where the 
smoke is said to protect the rice against insect attacks. 
After the harvest, when the farmer's ceiling is covered with rice punos 
he can lean back and be satisfied: his rice store assures him of suffi-
cient food till next year's harvest. 
Once every few days the farmer's wife will unhook a pufto from the ceil-
ing and thresh and dehusk the rice in a big wooden mortar. Sometimes the 
threshing is done separately with a stick, beating the grains loose onto 
the surface of a few sacks, sewn together. 
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After this husking, the rice is ready for consumption: the taste will 
sometimes be improved by boiling the rice in rasped coconut meal for the 
favourite Costefio dish: Arroz con coco. 
For those villagers who have no land to grow rice on, or who cannot find 
land to work on in a share-cropping arrangement, there are three ways to 
obtain rice for their consumption: buying, receiving gifts of rice or 
working as a rice harvester. Especially the latter is important in Los 
Monos, like it does along the whole north coast of Colombia. In the 
rural communities, a certain social pressure is exerted on the rice 
farmers to have their rice cut by family members, friends and acquain-
tances, and to pay the harvest labour in rice shares. The amount payable 
is a fixed portion of the rice: one fifth of the harvested pufios. In 
emergency cases this rate may be as high as one third, as it is in some 
parts of the northern Chocó and other parts of the Pacific Lowlands of 
Colombia. Here a one-third share is common, for reasons of labour 
scarcity. This is an important food distribution system on the village 
level, and especially attractive to poor landless people. 
As mentioned above, not all rice types are sown and harvested at the 
same time. Subsistence farmers tend to spread risk, labour and cash 
expenditures throughout the year and one of the options for the rice 
farmers is to grow more than one type of rice. Indeed, most farmers of 
Los Monos grow than one variety of rice (often two or three or more) 
and at village level one is confronted with a broad range of varieties. 
Some varieties are grown for special purposes: an "arroz setentano" 
(seventy day rice) is known as a poor yielder, but ripens from seventy 
to ninety days, just quick enough to beat the veranillo (a short drought 
period of two to three weeks in August) which might cause a crop loss. 
Other precocious varieties, like mono liqerito, can be sown twice a year 
and also provide the villagers with rice early in the season. The variety 
Arta muchacho, only rarely found in Los Monos, is a "filling" rice, es-
pecially for young boys who eat a lot and therefore do not feel hungry 
"again", shortly after the meal. Each variety has its own taste, and the 
farmers take this into account when deciding which rice to grow. 
Economic considerations are of importance with regard to production 
costs: criollo rice is more expensive to grow in Los Monos than forastero 
rice, as the land on which it is grown has a higher rent. Criollo varie-
ties have to compete here with other food crops like maize and cassava, 
whereas forastero rice does not have such an opportunity cost. Also, 
weeding costs are lower for forastero varieties. One of the more popular 
types of rice in Los Monos is a forastero: Gallilón. The advantage of 
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this relatively new rice is its resistance to deep floodings, an im-
portant asset, as it enables farmers to put more marginal swamp lands 
under cultivation, which is necessary for an increasing population. 
Twelve years ago this variety was practically unknown, and it shows the 
active changes made by the farmers within their agricultural system. 
In other words, Los Monos farmers have selected a number of varieties 
to suit their needs, taking ecological and economic factors into ac-
count. Changes in varieties are made, and in little more than a decade 
the total composition of the varietal distribution appears to have been 
modified considerably. In so doing, these cultivators engaged in what 
we have called the genetic and cultural management of crops. 
Rice research in Colombia 
Cultivators were not alone in performing such genetic management. Public 
and private institutions gradually emerged, and engaged in research and 
development. Three institutions have contributed to the impressive 
amount of rice research which has been undertaken in Colombia. These 
are: research activities initiated by the Colombian Government, private 
initiatives by the Rice Growers' Federation and a recent internationally 
supported programme. These three together have also undertaken joint 
research activities and one can now speak of a fertile mutual exchange 
of scientific information on rice agriculture in Colombia. 
The first attempt to establish a rice research programme in Colombia was 
undertaken in 1930, as part of a general import-substitution policy. Al-
though the impact of these first efforts remained small, some results 
were obtained in varietal improvement, diffusion of imported varieties 
and bulk selection of seed. Leurquin (1967:248) notes that government 
aid was casual in both research and extension. A regular government 
sponsored rice research programme was started only at the end of the 
fifties: this was the National Rice Programme, stationed in Palmira, 
with later extensions in different locations all over the country. 
The Rice Growers' Federation Fedearroz has, strictly speaking, not 
embarked on its own rice research programme; but because of its strong 
ties with the government programme (ICA) in regional testing, information 
gathering and reporting (for example the outstanding weekly rice journal), 
it has been categorized here under research. 
The third institute to be mentioned is the rice programme of the inter-
national centre CIAT, which started a rice research programme at the end 
of the sixties. Through CIAT, new rice varieties were introduced in Co-
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lombia, and after testing released with the help of the already esta-
blished networks of ICA and Fedearroz. These research programmes taken 
together have contributed considerably to important changes within 
Colombia's rice industry. 
In a somewhat distorting historical reality, it is possible to distin-
guish two post-war periods with respect to rice agriculture. The first 
period could be called a period of steady growth (1950)-1968) and the 
second a period of drastic change (1968-present). 
Between 1954 and 1968 the country's rice acreage increased from 175.000 
to 277.000 hectares. Meanwhile, the yield per hectare rose from 1.6 tons 
per hectare to 2.8 tons per hectare. The total production of Colombia 
rice increased from 294.000 tons to 786.000 tons in 1968 (Fedearroz, 
annual statistics reported in: Arroz), a year in which the old dream of 
exporting rice took shape again in the columns of Fedearroz's journal 
"Arroz". 
The rice growers have, several times, declared themselves satisfied 
with the agricultural credits offered to them, but when the inte-
rior demand for rice is met, they start to look for export oppor-
tunities. In 1968 they intervened successfully at the agricultural 
exporters meeting, but refused to have rice included in the ALALC 
(free trade) list to maintain former privileges, which were de-
nounced by the Minister of Agriculture: each rice export dollar 
would cost the national economy 25 pesos in comparison with a 
dollar price of 17,75 on the free market. The only way out of this 
situation would be yield improvement, which, according to Peter 
Jennings, a US expert, would be feasible on a middle term basis. 
It would have to happen by searching for higher yielding new varie-
ties (Gilhodes, 1974:151). 
And this actually happened. With the introduction of new varieties from 
Asia (IR-8, IR-22) yields started to increase even more than in the past 
successful years. In 1975, the average rice yields for Colombia had in-
creased to 4.43 tons per hectare, and within the irrigated sector as 
high as 5.4 tons per hectare. The total area sown with rice increased 
to 369.000 hectares and the production figure exceeded 1.630.000 tons 
during 1975. 
Another interesting phenomenon was the gradual shift of rice cultivation 
from one geographical region to another. At the beginning of the fifties, 
35 per cent of the country's rice was produced in the interior districts 
of Tolima and Huila. Especially after 1960 new areas were taken into 
rice production, notably by the Llanos piedmont area and the northern 
lowland departments of Cesar, Bolivar, Sucre and" Cordoba. These had tra-
ditionally been rice-producing zones, but the grain has been grown there 
under small-scale, subsistence conditions. In fact, rice there came to be 
one of the motors of rural capitalism in a formerly latifundio-minifun-
dio economic society. 
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Social consequences 
What have been the more important social consequences of the technolo-
gical changes in the Colombian rice industry? Some of the results of 
field research have been reported elsewehere (CIAT Annual Reports 1976, 
1977). Some consequences have also been published in an economic study 
by Scobie and Posada. In Colombia, rice is basically grown under four 
different systems. These are: 
mechanized irrigated rice 
mechanized dry rice 
swamp rice 
upland rice. 
The percentage distribution in acreage of the systems has changed consid-
erably during the last years. One of the reasons has been the intro-
duction of new varieties, as these have a comparative advantage over the 
irrigated sector "displacing upland production" (Scobie, 1977:99). It is 
extremely difficult to arrive at reliable estimations of the areas of the 
several systems; Fedearroz statistics usually lump swamp rice and upland 
rice together under "arroz de secano", and mechanized irrigated rice and 
mechanized dry rice under "irrigated rice". Nevertheless, it is certain 
that the number of swamp rice and upland rice farmers have decreased 
enormously during the last decade and a half. These were nearly always 
small producers who often grew rice for subsistence reasons with a sur-
plus for the market. Due to their size they nevertheless made an impor-
tant contribution to the total rice production (this is a similar situa-
tion found with other food crops in tropical America). Another conse-
quence has been the increase in the average enterprise (Scobie, 1977:35). 
The organization of labour in rice production is related to this pheno-
menon; more people are engaged in irrigated rice farming and less in 
both upland and swamp rice farming. The activities, their distribution 
through the growing seasons and their remunerations have changed drastic-
ally. Rice distribution within villages, formerly based on harvest la-
bour shares is giving rise to scarcity of rice in villages where not 
everybody has access to land. These changes are partly related to the 
type of rice which was introduced. The new varieties are not harvested 
any more stalk by stalk as was formerly done, but with a combine-harvest-
er or with a sickle. Payment systems shifted immediately with the change 
from long straw to short straw rice. The varietal change has also done 
away with the cultural variety inherent in the traditional technologies. 
Where formerly dozens of rice types were available in one village, with 
characteristics suited to different soil types, different labour distri-
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butions, different tastes, different risk capacities and so on, now it 
may be that only one or two rice types are grown in a village and that 
cash income to farmers' families is reduced to once or twice a year. 
Rice research and rice extension networks, now available to the middle-
and large-scale rice producers, are not yet geared to the changes within 
the small-scale rice-cultivator sector. The main social consequences of 
the technical changes of Colombia's rice agriculture appear to be two-
fold; on the one hand a deterioration in the position of the small-scale 
rice-cultivator and of his village. Social and cultural losses, which are 
not directly discerned from national statistics, but which nevertheless 
are real for the cultivator's families and their neighbourhoods: seasonal 
shortages of rice for those families who have not disposed of land (and 
who formerly participated in rice distribution mechanisms which operated 
within villages) are now real, and can be observed. 
Moreover, the new varieties, due to their very design and architecture, 
can never fulfil all those functions which the locally adapted landraces 
could. In strict agricultural terms this means that the new varieties 
(CICA-4, CICA-6, CICA-9) do not have the essential, but not yet realized 
full resistance against diseases like rice blast (Pirucularia). Socio-
logically, this means that research and extension institutions have to 
produce and distribute every one and a half to two years a new, - moder-
ately resistant - variety in order to keep abreast of increasing demands 
for good seed and appropriate knowledge about these seeds. This gives an 
impetus of its own to the incipient research and extension institutions, 
a dependency of rice farmers to rely more on research, extension, credit 
and input supply than before and another push in the direction of the 
formerly mentioned Illinois corn farmer (see page 272). 
Unfortunately, however, where institutional capacities in the U.S. and 
the rest of the Western World are more or less atuned to technological 
developments, in Colombia this is far from true. 
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5 DISCUSSION AND CONCLUSIONS 
Crops can be studied sociologically, insofar as their cultivators are 
part and parcel of cultures and societies. Each crop is the result of 
countless decisions made by cultivators over thousands of years. At the 
outset, such decisions related to what to collect and what not. Gradually 
man settled and opted for other ways of food procurement or production. 
He must have selected seeds, roots or other plant material which suited 
his needs, tastes and environment. Agricultural revolutions occurred. A 
first in the neolithic period, with a remarkable development in domesti-
cation. A second upon the introduction of inanimate sources of labour, 
during the industrial revolution. A third is occurring now with the 
rapid introduction of new varieties, which radically alter both the 
characteristics of cultivates and the social order existing among those 
who produce and reproduce them. 
During the early phases of crop development, production and reproduc-
tion decisions were in one hand. As we have shown for the case of cas-
sava, Amerindians developed a remarkably efficient food production sys-
tem. They continuously selected new cultivars, stemming from local popu-
lations thousands of kilometres away. 
Peasant cultivators essentially produce and reproduce their rice in the 
same way. They continuously adapt new varieties to local needs and condi-
tions. They are careful to maintain a certain diversity, corresponding to 
the diversity of needs and conditions. 
Spijkers found in northern Colombia that there were about 100 known rice 
varieties in one region; each of these could be associated with parti-
cular socially desirable characteristics (Spijkers, 1981). Box, in one 
village of cassava cultivators in the Dominican Republic, discovered 
that there were at least 16 known varieties of cassava, most of which 
were still available, though sometimes only in very small numbers 
(Box & Van Baaien, 1979). 
Crop research and development has expanded tremendously over the past 
three decades. This means that a radically different division of labour 
has emerged with regard to crop cultivation. Production and reproduction 
decisions are not in the hands of the single cultivator, as we have 
shown in the case of rice in Colombia and with Amerindians and their 
cassava crop. Production decisions are to an increasingly larger extent 
affected by market forces or state policies, neither of which are well 
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understood by traditional food producers. Decisions with regard to re-
production are made within international and national research centres. 
Communication between traditional food producers and researchers is ge-
nerally absent, and mutual understanding is therefore lacking. 
Havoc may result when traditional food producers are asked to cultivate 
the new varieties, as countless critical studies of the Green Revolution 
have demonstrated (For a review see Pearse, 1980). 
Some of the problems can be associated with increased misery among pea-
sant cultivators, due to increased exploitation by traditional and new-
ly-formed elites. But other problems relate to the fact that virtually 
no understanding exists among highly specialized crop scientists of the 
conditions traditional food-producing peasants have to face. Research 
has been largely oriented to the conditions of large-scale, capital 
intensive agriculture (see PROTAAL, 1980 for Latin America; see Box, 
1980b for cassava research). 
In our view, future research in traditional food-crops like rice and 
cassava should take the conditions of peasant cultivators into account. 
It should start from the premise that until very recently production 
and reproduction decisions for such crops were taken with a fair degree 
of success by these peasant cultivators. The disjunction between their 
knowledge and the knowledge generated in modern research centres is 
evident. In the case of cassava, for example, it has meant that the 
foremost international research centre has not been able to generate a 
variety which has been found acceptable to cultivators, be they tradi-
tional or modern, in either Colombia or the Dominican Republic (Box, 
1980b). The 'modern' varieties simply did not respond to the production 
conditions of cassava cultivators. 
Social scientists may play their role in this field by correcting the 
disjunctions which a rapid development in the division of labour in crop 
cultivation has generated. One of their contributions is to signal these 
disjunctions. Another is to prevent them, through close collaboration 
with crop scientists in developing research and development programmes. 
In this way, sociologists may contribute to the development of 'seeds of 
plenty', and may reduce the probability of 'seeds of want', by producing 
knowledge of relevance to both crop scientists and crop cultivators. 
301 
REFERENCES 
Aspelin, P., 1975. External Articulation and Domestic Production. The 
Artifact Trade of the Mamainde of Northwestern Mato Grosso, Brazil. 
Ithaca, Cornell University (dissertation, Latin America Studies 
Program). 
Barnett, M., 1969. 'Subsistence and Transition in Agricultural Develop-
ment among the Ibaloi in the Philippines'. In: Clifton R. Wharton 
Jr. (ed.). Subsistence Agriculture and Economic Development, 
Chicago, Aldine. 
Benvenuti, B., B. Galjart & H. Newby, 1975. 'The current status of rural 
sociology', Sociologia Ruralis 15(3):3-21. 
Bolhuis, CG., 1954. 'The toxicity of cassava roots'. Netherlands Journal 
of Agricultural Science, 2:176-185. 
Box, L., 1980a. Review W.S. Saint Jr. The social organization of crop 
production: cassava, tobacco and citrus in Bahia, Brazil, Socio-
logia Ruralis 20(3):224-225. 
Box, L., 1980b. Cassava: food, feed or fuel, Wageningen (dept of Rural 
Sociology Agricultural University) Mimeo. 
Box, L. & A.A. van Baaien, 1979. Cassava production, processing and mar-
kering among Sierra Farmers in the Dominican Republic: preliminary 
field report and research proposal, Santiago, RD (Inst.Sup.Agr.) 
Mimeo. 
Braudel, F., 1977. Afterthought on Material Civilization and Capitalism. 
John Hopkins University Press, Baltimore. 
Bruyn, G.H. de, 1971. Étude du caractère cyanogetique du manioc (Man. 
EsCr) Med. LH 71-13, Wageningen (Landbouwhogeschool). 
Chang Te-Tzu, 1977. The rice cultures in: The early history of agri-
culture, (Joseph Hutchinson et al., eds.). Oxford (Oxford Univer-
sity Press): 143-154. 
Colmenares, G., M. de Melo, D. Fajardo, 1968. Fuentes Coloniales para 
la historia del trabajo en Colombia. Transcripciones del Archivo 
Historico Nacional de Bogota, Bogota. 
Cox, T.M., 1979. Rural sociology in the Sovjet Union, its History and 
Basic Concepts. London, Huvst. 
Denevan, W., 1971. 'Campa subsistence in the gran Pajonal, Eastern Peru'. 
The Geographical Review. Vol LCI, no. 4:496-518. 
Diaz, R. & P. Pinstrup-Andersen, 1977. Descripcion agro-económica del 
proceso de producción de yuca en Colombia, Cali (CIAT). 
Doorman, F., 1978. Media Luna and cassava: the social and economic con-
text of the introduction of new technology among traditional cassava 
producers in the village of Media Luna, Northern Colombia, Cali 
(CIAT). 
Dusseldorp, D.B.W.M. van, 1977. Some thoughts on the role of social 
sciences in the agricultural research centres in the developing 
countries, Netherlands Journal of Agricultural Sciences 25, 213-228. 
Evans, L.T., 1980. The Natural History of Crop Yield. American Scientist. 
Vol. 68 July-August 1980. 
FAO, 1975. The State of food and agriculture 1975. FAO, Rome. 
Fedearroz. Annual Reports (1965- ), published in: Arroz. Fedearroz, 
Bogota. 
302 
Flach, M., 1979. Ecological competition among the main moisture rich 
starchy staples in the tropics and subtropics, Wageningen (Dept. 
of Tropical Crop Science) Mimeo. 
Gilhodes, P., 1974. Politiques et violence. La question agraire en Colom-
bie. Presses de la fondation nationale des sciences politiques, 
Paris. 
Goldman, I., 1963. The Cubeo. Indians of the Northwest Amazon. Urbana, 
University Illinois Press. 
Gorman, C , 1977. 'A priori Models and Thai Prehistory: A Reconsideration 
of the Beginnings of Agriculture in South Eastern Asia'. In: Charles 
Reed (ed.), Origins of Agriculture, The Hague, Mouton. 
Hanks, L., 1972. Rice and Man: Agricultural Ecology in Southeast Asia. 
Aldine. Atherton, Chicago, New York. 
Harlan, J.R., 1975. Crops and man. American Society of Agronomy Crop 
Science Society of America, Madison, Wisconsin. 
Heiser Jr., C.B., 1973. Seed to civilization. The Story of Man's Food. 
W.H. Freeman and Company, San Francisco. 
Higham, 1972. 'Economic Change in Prehistoric Thailand'. In: Charles Reed 
(ed.), Origins of Agriculture, The Hague, Mouton. 
Hurault, J., 1965. La vie matérielle des Noirs Réfugiés Boni et des 
Indiens Wayana du Haut-Maroni - Agriculture, économie et habitat. 
Paris, Office de la Recherche Scientifique et Technique Outre-Mer. 
Jarman, 1972. 'The origins of wheat and barley cultivation', in: Papers 
in economic prehistory, E.S. Higgs (Ed.), Cambridge (University 
Press):15-26. 
Jennings, P.R., 1976. The Amplification of Agricultural Production. In: 
Scientific American. Vol. 235, No. 3, September 1976. 
Kelly, I., 1952. The Tajin Totonac, Part I, History, Subsistence, 
Shelter and Technology, Washington, the Smithsonian Institution. 
Lathrap, D.W., 1973. 'The antiquity and importance of long-distance 
trade relationships in the moist tropics of Pre-Colombian South 
America'. World Archaelogy, 5:170-866. 
Lathrap, D.W., 1977. Our father the. Cayman, our mother the Gourd: 
Spinden revisited, or a Unitary Model for the Emergence of Agri-
culture in the New World. In: Charles Reed (ed.). Origins of Agri-
culture, The Hague, Mouton. 
Leeds, A., 1961. 'Yaruro incipient tropical forest horticulture: possi-
bilities and limits'. In: J. Wilbert (ed.). The Evolution of Horti-
cultural Systems in Native South America; Causes and Consequences; 
A Symposium. Caracas, Anthropológica, Supplement Publication 
No. 2:13-46. 
Leurquin, P.P., 1967. Rice in Colombia: a case study in agricultural 
development. In: Food Research Institute Studies 7(2), 1967. 
Lévi-Strauss, C. and G. Charbonnier, 1969. Conversations with Claude 
Lévi-Strauss Cape Editions, London. 
Luetzelburg, P. von, 1940. Die Ernährung der Indianer in Amazonien, 
Zeitschrift der Gesellschaft dür Erdkunde zu Berlin, 1940:216-218. 
Mangelsdorf, P.C. et al., 1971. 'Domestication of corn' in Prehistoric 
Agriculture (Stuart Struever Ed.), New York (Natural History Press): 
471-486. 
- 303 -
McC Netting, R., 1974. 'Agrarian Ecology' in: Annual Review of Anthro-
pology 1974. Annual Reviews Inc., Palo Alto. 
Megaw, J.V.S., 1977 (Ed.). Hunters, gatherers and first farmers beyond 
European archeological survey (Leicester University Press). 
Mendras, 1976. Sociétés Paysannes. Paris (Colin). 
Patino, V.M., 1968. Las plantas cultivadas en la America Equinoccial. 
Cali, Bogota. 
Pearse, A. 1980. Seeds of Plenty, Seeds of Want. Geneva (UNRISD) 1980. 
Planck, U. & D. Ziehe, 1979. Land und Agrar. Soziologie. Stuttgart 
(Ulmes). 
Redcliff, M.R., 1975. Interpretative research and structural change in 
rural sociology. Sociologia Ruralis 15(3):22-23. 
Renvoize, B., 1970. Manioc (Manihot esculenta Crantz) and its Role in 
the Amerindian Agriculture of Tropical America. Thesis submitted 
for the degree of M. Phil, at the University of London, June 1970. 
Renvoize, B., 1972. 'The area of origin of Manihot esculenta as a crop 
plant - a review of the evidence'. Economic Botany, 26:352-360. 
Rogers, D.J., 1963. Studies of Manihot esculenta Crantz and related 
species'. Bulletin of the Torrey Botanical Club 90(l):43-54. 
Rogers, D.J., 1965. 'Some botanical and ethnological considerations of 
Manihot esculenta*. Economic Botany 19(4):369-377. 
Rogers, D.J., 1973. 'Some further considerations on the origins of 
Manihot esculenta Crantz', Trop. Root and Tub Crops Newsletter 
(6) 1972:4-14. 
Rogers, D.J., & S.G. Appan, 1973. Manihot and Manihotoides (Euphorbia-
ceae): a computer-assisted study Flora Neotropica, Monograph no. 13. 
Rogers, E., 1962. The Diffusion of Innovations. Illinois, Free Press. 
Saake, 1950. Der Maniok bei den Urwaldstämmen Südamerikas. Fribourg 
(1950-1943). 
Saint, W.S., 1977. The social organization of crop production: cassava, 
tobacco and citrus in Bahia, Brazil. Ithaca NY (Cornell University 
Latin American Studies Program). 
Saint & Coward, 1977. Agriculture and Behavioral Science: Emerging Orien-
tations. Science - 197, 1977:733-737. 
Sahlins, M., 1976. Culture and practical reason, Chicago (University of 
Chicago Press). 
Sanchez Juliao, D. , 1970. Antonio de la Torre y Miranda, Monteria, 
Colombia. 
Sauer, CO., 1952; 1969 sec. ed. Agricultural Origins and Dispersals. 
The Domestication of Animals and Foodstuffs. The M.I.T. Press 
Cambridge, Massachusetts. 
Scobie, G.M. and R. Posada, T., 1977. The Impact of High-Yielding Rice 
Varieties in Latin America, with special emphasis on Colombia. 
CIAT, Cali. 
Schwerin, K.H., 1970. 'Apuntes sobre la Yuca y sus origines'. Boletin 
Informatico de Antropologia no. 7. Junio Caracas, Asociación 
Venezolana de Sociologia. 
Schwerin, K.H., 1971. The Bitter and the Sweet. Some Implications of 
Techniques for Preparing Manioc. Paper presented at the 1971 Annual 
Meeting of the American Anthropological Association, New York, NY. 
304 
Spath, 1971. The toxicity of manioc as a factor in the settlement pat-
terns of lowland South America, Paper presented at the 1971 American 
Anthropological Association, Annual Meeting, NY 'Manioc in lowland 
South America'. 
Spath, CD., 1973. Plant domestication: the case of Manihot esculenta. 
Journal of the Steward Anthropological Society. Vol. 5 no. 1. 
Spijkers, P., 1981. Social and Economic Consequences of New Rice Techno-
logy in Colombia. To be published in 1981. Wageningen. 
Steward, J.H., 1955. Theory of Culture Change. University of Illinois 
Press, Urbana. 
Vasquez de Espinosa, A., 1948. Compendio y descripcion de las Indias 
Occidentales. Transcrito del Manuscrito original por Charles Upton 
Clark. Smithsonian Institution, Washington (original about 1630). 
Vessuri, Hebe M.C., 1980. Technological change and the Social Organi-
zation of Agricultural Production, in: Current Anthropology, Vol. 21, 
No. 3, June 1980. 
Vries, CA. de, J.D. Ferwerda & M. Flach, 1967. Choice of food crops in 
relation to actual and potential production in the tropics, Neth. 
Jrnl. Agric. Sei. 15:241-248. 
White, L., 1959. The Evolution of Culture. McGrawhill, New York. 
Zeven, A.C., 1977. Domesticatie en evolutie van de cultuurplanten. 
Wageningen (Landbouwhogeschool, Dictaat). 
